Results A total of 1983 work-related eye injuries occurred over the 3 year period, with an incidence rate of 14,9 per 1000 person-years, Workers aged 20-29 years had the highest incidence of eye injuries (28.2 per 1000 person-years), Men had a higher incidence of injury than women across all ages, with an age-adjusted incidence of 15.6 per 1000
Although occupational eye injuries are an important cause of morbidity in the adult working population, data on the incidence of eye trauma in the workplace are limited. Various case series and eye registry data in the United States have indicated that they comprise between 22% and 48% of all ocular trauma. l -4 A recent statewide population-based study using TIEN YIN WONG, ANDREW LINCOLN, JAMES M. TIELSCH, SUSAN P. BAKER hospital discharge data estimated an annual incidence of severe ocular injury in the workplace of 1.76 and 2.98 per 100 000 employed persons when ocular trauma was the principal discharge diagnosis and principal or secondary discharge diagnosis respectively. s However, less severe injuries not requiring hospitalisation were not estimated in this study. A study in Dane County, Wisconsin, estimated an incidence of 55 work-related eye injuries per 100 000 persons treated at emergency departments. 6 Population-based studies yield a much higher rate; one such study in New England estimated the annual incidence of eye injuries occurring at work to be approximately 600 per 100 000 persons ?
The burden of less severe eye injuries cannot be dismissed easily because each injury can potentially lead to Sight-threatening complications and incur both cost of medical care (direct costs) and time lost from work (indirect costs). Of equal significance is the fact that minor eye injuries are often preventable by using simple protective eyewear and modifyin g worksite environments. Of the 900 000 occupational eye injuries estimated by the National Institute for Occupational Safety and Health to have occurred in 1982, 84% were classified as minor. s In the Dane County study, 97.8°;\) of the 188 cases of work-related trauma were classified as minor or moderate. 6 Studies that include severe injuries exclusively are therefore only partially representative of the size and impact of the problem.
Our objective in this study was to estimate the incidence of eye injuries among workers in a major US automobile corporation and to identify problem areas in eye injury prevention in the workplace.
Methods
Our study population included all hourly-paid persons employed between July 1989 and June 1992 at UAW-Chrysler Corporation plants. The population was derived from a total of 33 plants in the continental United States. Plants were classified into four main categories: assembly (5 plants), stamping (3), power train (8) and parts (17). The age of the employees ranged from 18 to 70 years. Approximately 88% of the workers were male. Data on ethnicity were not available. Year-end census of the UAW-Chrysler employees was used to estimate the population at mid-point for the 12 months from 1 July to 30 June for each of the three study years.
The Chrysler Occupational Medical and Safety Surveillance System (COMSS) was established as an active health and safety surveillance system run by the UAW-Chrysler Corporation. Corporation policy required that within 24 h of the report of an injury to the safety department, the safety department would complete a preliminary investigation of the injury incident and either a nurse or a doctor in the medical department would assess the patient. Both the safety and medical departments recorded this information regarding the injury in the COMSS.
The data of the COMSS contained one record for each injury incident, with 63 fields describing the incident, including information on demographics of the worker (e.g. age, sex, hourly/salaried, job description), workplace location where the injury occurred, description of injury, outcome and additional preventive measures taken by the supervisor after the injury incident. Outcomes from the ocular injury were defined using the following criteria: (1) Occupational Safety Health Administration (OSHA) restricted duty days, defined as the number of days a worker was unable to perform his or her full regular job, (2) OSHA lost days, defined as the number of workdays on which an employee would have worked but could not because of occupationally related illness or injury, (3) temporary transferred days, defined as the number of days a worker 
was transferred to another job because of occupationally related illness, (4) no work available in plant, defined as the inability of the employee to find another position in the plant as a result of restriction of duties. We defined a worker as being unable to resume his or her normal duty if he or she had any one of the above four outcomes. Statistical comparison with outcomes from all injuries was performed using Student's t-test of difference in proportions between all injuries and eye injuries.
When an employee presented with an injury, the initial assessment was recorded by the nurse. If the injury required further medical attention the doctor would perform an independent evaluation and institute additional treatment, if necessary. If the doctor was not present, the patient would be sent to the emergency room of a local hospital. In order to track the recovery from the injury, the employee was required to report periodically to the medical department, where the status of recovery could be assessed and restrictions on work could be implemented to enable the injured employee to resume job tasks or be reassigned to another position.
Narrative-free text fields in the description of the injury and the activity preceding the injury allowed us to go beyond the limitations of coded data to better understand the specific circumstances and nature of the injury as well as the materials associated with the injury. Key word searches and manual review were used to identify these specific injury hazards. Key word searches on 'safety goggles', 'protective eyewear' and 'safety glasses' were also performed to give an indication of use of protective eyewear at the time of injury. The incidence of eye injury among the workers was 14.9 injuries per 1000 person-years. Men had a higher incidence of injury than women across all age groups (Fig. 1) , with an age-adjusted incidence of 15.6 injuries per 1000 person-years and an age-adjusted relative risk of 1.5 (95% confidence interval (CI): 1.4, 1.6) ( Table 1) . The highest incidence occurred in the 20-29 year age group, with an incidence of 28.2 and 23.1 injuries per 1000 person-years in men and women, respectively. This corresponded to a relative risk of 3.0 (95% CI: 2.2, 4.1) in men and 7.8 (95% CI: 1.8, 32.5) in women when compared with the injury rate among those 60 years or older of the respective gender.
Superficial corneal foreign body was the most common type of injury (69.2% of all ocular injuries), with an incidence of 10.3 injuries per 1000 employee-years (Table 2 ). Corneal abrasion was the next most common injury (17.5% of all ocular injuries), with an incidence of 2.6 injuries per 1000 employee-years. The third most common was chemical injury, with an incidence of 0.68 injuries per 1000 employee-years. Fortunately, penetrating injuries occurred in only 3 cases. One occurred in a 50-year-old man who sustained the injury while drilling under a car. Another 57-year-old man was struck in the eye by a piece of glass during windshield assembly. The third employee, a 43-year-old man, was hit in his eye by an uncoiling brake cable.
Free text searches on the activities and materials related to the ocular injury showed that the bulk of the corneal foreign body injuries and corneal abrasions were related to grinding and welding (Table 3) . Nearly 50% of the chemical injuries were related to painting. Free text searches on protective eyewear usage indicated that only 493 (24.9%) workers were using some form of eye protection at the time of injury.
Six hundred and forty injuries (32.3%) resulted in the inability of the worker to resume his or her normal duty for at least 1 day (Table 4 ). The proportion of injuries that resulted in one or more OSHA lost or restricted workdays were 11.9% and 12.7%, respectively; the total number of OSHA lost and restricted workdays were 759 and 448, respectively. Approximately 6.4% of workers had to be temporarily transferred to another job while 8.9% had no work available at their plants as a result of their injury.
Discussion
Occupational eye injury is an important worldwide problem and a major component of the approximately 2.5 million ocular injuries that are estimated to occur each year in the United States. 9 Several studies in the United States reported that between one-quarter and one-half of ocular trauma was work-related. 1 -4 In Australia, one study estimated that 42% of ocular injuries were work-related, I° while in the United Kingdom another study put the proportion of occupationally related eye injury at 70% ? The wide variation in estimates results partly from a lack of well-defined populations in all these studies and therefore the inability to calculate rates. Population-based studies with incidence data are not readily available Y Two such studies have indicated that the proportion of work related ocular injury is between 8% and 15%. 5 , 6 There is a paucity of data on industry-specific rates of ocular injury. In a study of the chemical industry, an incidence of 23 per 1000 worker-years was observed, with only 22% requiring medical attention.
13 The automotive industry is one of the major components of the economy in the United States. In one Australian study, automotive industry workers had the highest relative incidence of open globe injuries compared with other occupations but these workers were also the least likely to wear safety eyewear. 10 This study is one of only a few available reports in which incidence rates of workplace ocular trauma could be calculated. We observed an annual incidence rate of 15 eye injuries per 1000 employees in 33 plants of a large automative company. Comparison with other reports on work-related eye injuries could be difficult and inappropriate. While the apparently high incidence in automotive workers might be due to higher risks inherent in this industry, it could also be due to the inclusion of previously underreported minor injuries not requiring medical attention at hospitals and injuries where worker compensation claims were not filed. Our observed incidence rate might even underestimate the true incidence in automotive workers as many did not work for major corporations such as UAW-Chrysler that had explicit occupational health regulations and reporting procedures. While our data have limited generalis ability beyond the automotive industry, certain epidemiological features of ocular trauma in the workplace are again highlighted. For example, the high rates of injury in young people in their third decade of life as well as in men had been reported in nearly all ocular trauma studies l -7 and were reflected in our study as well. This high incidence probably reflects either the placement of younger male workers in more hazardous jobs, or their increased susceptibility from lack of regard for safety practices or simply inexperience. It was also interesting to note that the three penetrating ocular injuries in this series occurred in older men, who were overall less likely to sustain ocular injuries. Although this could be due to sampling variability, the higher risk of severe injury in older people was also noted in hospital discharge data by Tielsch and coworkers Y There were limitations to using occupational job titles as an indicator of risk of injury because of overlap in tasks (Table 2) . For example, a production operator might be either hammering nails or connecting wires. Table 3 highlights activities and materials involved in the specific incidents and might be more useful for preventive action. The high proportion of injuries related to either grinding or welding re-emphasises the need for eye protection in these activities. The high proportion of paint-related chemical injuries suggests the need for eye protection in workers exposed to such substances. The recognition of the circumstances associated with injury would help to identify specific hazards and focus preventive efforts.
IS
It had been difficult in the past to estimate the impact of eye injuries in terms of cost, when only severe eye injuries were reported. Less severe injuries, although usually easy to manage medically, accounted for enormous direct and indirect costs. In our series, external foreign bodies and corneal abrasions accounted for 87°/c, of the injuries, but almost one third of the injuries resulted in the inability of the worker to resume his normal duties (Table 4 ). The actual proportion was probably higher as many workers did not have OSHA definable work disability outcomes. Different studies indicate that the time lost from work varies. For example, Alexander et al. 16 noticed that most patients with corneal foreign bodies did not take more than 1 day off work, while up to 30% sought treatment outside working hours to avoid lost time from work. The discrepancy may be due to the fact that many workers in our study had the benefit of acute medical service within the plant itself.
There were several limitations to this study. The quality of the data in different plants might vary and did not always reflect final clinical diagnoses. Visual outcomes, treatment and complications of these injuries were not assessed to better define the ocular morbidity associated with the injuries. Finally, no information was available about uninjured workers employed in specific occupations to allow quantification of the risks associated with specific job tasks. However, our study had a number of important strengths. First, the population at risk (denominator) was well defined and incidence rates can be calculated. Second, as in any surveillance study, the details and circumstances of injury were recorded at the time of presentation, minimising recall bias. Third, all reported ocular injuries were captured, both minor and severe. These features served to provide a more complete picture of the incidence and impact of ocular trauma in a high risk occupational group.
In conclusion, a high incidence of workplace eye injuries was observed in the automotive industry. Although the vast majority of injuries were minor, they could account for significant avoidable morbidity and lost productivity. This series again reinforced the need for better prevention strategies in the workplace. We thank Oliver D. Schein and Andrew L. Dannenberg for their advice. We also thank UAW-Chrysler for the use of their data.
